This study aimed to examine the associations between serious illness in earlier life and risk of pain in old age using data from a large nationally representative British birth cohort, the Medical Research Council (MRC) National Survey of Health and Development (NSHD). Serious illness was defined as any experience of illness before age 25 requiring hospital admission of $28 days. Pain was self-reported at age 68, with chronic widespread pain (CWP) defined according to American College of Rheumatology criteria. Multinomial logistic regression was used to test associations of serious illness in early life with CWP, chronic regional pain (CRP), and other pain, with no pain as the referent category. Adjustment was made for sex, socioeconomic position, adult health status, health behaviours, and psychosocial factors. Of 2401 NSHD participants with complete data, 10.5% reported CWP (13.2% of women and 7.7% of men), 30.2% reported CRP, and 14.8% other pain. Compared with those with no history of serious illness, those who experienced serious illness in early life had a higher likelihood of CWP (relative risk ratio [RRR] 
Introduction
With continued improvements in biomedical therapies and public heath, a growing number of people who have experienced chronic illnesses in early life are now surviving into midlife and beyond. 31, 38 These people are vulnerable to a disproportionate burden of morbidity and disability during adulthood. 4, 20, 21, 35 With the increases in life expectancy of these and other higher risk groups, the characteristics of the adult population 65 years and older are becoming increasingly heterogeneous. Understanding the long-term impact of chronic childhood illnesses is necessary for planning effective health and social care for older people. It may also identify appropriate interventions that could prevent or alleviate secondary burdens arising from these conditions, and identify those who require more support than others to maintain their quality of life in old age.
Population-based longitudinal studies of considerable size that have followed adult survivors of chronic childhood illness have been used to examine the impact of specific conditions, eg, asthma, 36 childhood cancer, 29 and congenital heart disease 16 in young to middle adulthood, but few have examined a wide range of early chronic illnesses. These include the 2 oldest British birth cohorts which linked childhood illness to poorer physical health 21, 35 and physical disability in early adult life 20 ; whether these associations extend into old age has not yet been established.
Pathways that link chronic physical illness in earlier life and health in later adult life are likely to be varied and cumulative. Chronic illness (eg, pulmonary tuberculosis, congenital heart disease, polio, cerebral palsy etc.) may cause functional disturbances or permanent biological changes that directly increase susceptibility to chronic conditions, functional limitations, and disability throughout life. Serious illness during early life may also indirectly influence adult health by affecting educational attainment, economic achievement, and social circumstances, and consequently influence health-related behaviour over the life course. 32 Alternatively, it may increase the likelihood of psychosocial and psychiatric disorders, that can exacerbate chronic physical illness, which in turn may set up vicious cycles of worsening morbidity over the life course. 34 Chronic pain is the most common morbidity in old age, and it seriously impacts on activities of daily living and quality of life of older adults. 8, 24, 25, 30 There have been few prospective investigations of the relationship between serious physical illness in earlier life and pain in adulthood, and results were inconsistent 10, 12 ; furthermore, none extend into old age.
Using data from the oldest British birth cohort, the Medical Research Council (MRC) National Survey of Health and Development (NSHD), we hypothesised that those who experienced serious physical illness in early life would be at increased risk of chronic widespread and regional pain in later life. We tested whether any associations observed were as follows: (1) independent of potential confounders, including sex, adult health status, and health behaviours, (2) indirectly associated with socioeconomic position through cumulative effects of low educational attainment and reduced employment opportunities over the life course, or (3) confounded by psychosocial factors (Fig. 1 ).
Methods

Study population
The NSHD is a population sample of 5362 births in England, Wales, and Scotland in 1 week of March 1946 that has been followed up 25 times. 19, 45 At age 68, 2943 eligible study members who were known to be alive and whose current contact information was known were sent a postal questionnaire. Of these, 2453 (84%) completed and 29 (1%) returned incomplete questionnaires. Of the remaining sample, 11 (0.4%) had died, 424 (14%) did not return the questionnaire, and 26 (0.9%) questionnaires were returned undelivered.
Ethical approval for the data collection at age 68 was obtained from the Queen Square Research Ethics Committee (14/LO/ 1073) and the Scotland A Research Ethics Committee, and written informed consent was obtained from study members.
Experience of serious illness in early life
Information on illnesses and injuries during early life, including hospital admission, age at admission, diagnosis, name of hospital, and length of hospital stay was obtained from mothers' reports across childhood and study participants' reports from age 18 up to 25 years. Any reported admissions were checked with the hospitals concerned and coded according to the International Classification of Diseases, Revision 8 (1965) . We defined serious illness as any experience of physical illness before the age of 25 years that required hospital admission of at least 28 days (yes/no). 20, 21 Additional variables identified are included in the following: (1) 
Assessment of pain
In the postal questionnaire administered at age 68, participants were asked "In the last month, have you had any ache or pain which has lasted for one day or longer, not including pain occurring during the course of a feverish illness such as flu?" Those who reported pain were asked to: (1) indicate whether they had experienced this pain for at least 3 months and (2) shade the location of their pain using a 4-view body manikin. We then defined chronic widespread pain (CWP) according to American College of Rheumatology criteria for fibromyalgia 46 as pain present for 3 months or longer, both above and below the waist; on both the left and right side of the body; and in the axial skeleton. Participants who reported chronic pain as present but did not meet the CWP definition were classified as having chronic regional pain (CRP), whereas those who reported acute (ie, pain in the last month that had lasted for less than 3 months) widespread or regional pain, or reported regional pain but www.painjournalonline.comchronicity was unknown (n 5 30) were regarded as having "other" pain. Those who reported widespread pain but chronicity was unknown (n 5 3) and those who did not indicate the site of pain (n 5 8) were excluded from analyses.
Covariates
Potential confounders and mediators were identified a priori based on the existing literature and the framework outlined in Figure 1 . These include specific behavioural risk factors (ie, higher body mass index (BMI), 2, 26, 42 smoking, 37, 42 and physical inactivity 5, 27 ) and psychosocial factors (ie, adverse childhood events and experiences and current psychological distress) [10] [11] [12] which have been found to be most strongly and consistently associated with chronic widespread and regional pain in adulthood in previous studies.
Early life socioeconomic and psychosocial environment
Parental levels of education were obtained from mothers' reports when participants were aged 6 years and categorised into 3 groups: secondary and higher; secondary only or primary and further education or higher; primary and further education (no qualifications attained) or primary only. Occupational class was assessed using father's occupation when the participant was 4 years old (where this was unknown [n 5 65], father's occupation at age 11 or 15 years was used) and classified as high (I or II); middle (IIINM or IIIM); low (IV or V). Information on family disruption due to parental divorce before the study member was 15 years old came from mothers' reports during childhood and from study participants' reports when they were 26 years old.
Sociodemographic factors during adulthood
The highest education level achieved by age 26 was coded using the Burnham classification and grouped into no qualifications, up to O level or equivalent, or A level or equivalent and above. 6 Own occupation at age 53 (or if not available, the most recent measure in adulthood [n 5 256]) was categorised according to Registrar General's social classification (Office of National Statistics (ONS), 1990) into 3 groups: high (I or II); middle (IIINM or IIIM); and low (IV or V).
Adulthood health status and health behaviours
Body mass index was calculated from height (m) and weight (kg) measured at age 60 to 64 by a trained nurse during a clinical assessment at this age and classified into standard categories: ,25, 25 to 29.9, and $30 kg/m 2 . Symptoms of anxiety and depression were assessed at age 60 to 64 using the 28-item General Health Questionnaire (GHQ-28). Each item was coded using the General Scoring Method (ie, 0 for response choices 1 and 2; and as 1 or response choices 3 and 4), then summed, and a threshold for caseness of 5 or more was selected. 9 At age 68, participants reported any long-standing illness or health problems which had lasted, or were expected to last for 6 months or more.
Smoking status was assessed by self-report across adulthood up to age 68 and categorised as never, ex-, and current smoker. Self-reported level of participation in sports, vigorous leisure activities, or exercises was assessed at age 68, and participants were grouped as inactive, less active (1-4 times/mo), or more active ($5 times/mo).
Statistical analysis
Descriptive analyses including Pearson x 2 tests were used to assess the characteristics of study participants included in analyses.
As the dependent variable consisted of 4 categories (no pain, CWP, CRP, and other pain), multinomial logistic regression models were used to test the associations between serious illness and pain outcomes, with no pain as the referent category. Initial models were adjusted for sex, and formal tests of sex interaction performed. As there was no evidence of interaction, all subsequent models included men and women with adjustment made for sex. We then included each covariate, one at a time, in a sex-adjusted model of the association between serious illness and pain and those that were associated with pain in these models were included in subsequent models, grouped according to which of the 3 proposed pathways in Figure 1 (ie, socioeconomic; health status and behaviours; and psychosocial factors) they represented. Each group of factors was then adjusted for in turn before all 3 sets of factors were included in a fully adjusted model. All analyses were performed on the sample with complete data on both serious illness and pain (n 5 2401). 40 Analyses were performed across 20 imputed data sets and combined using Rubin rules.
Analyses were then repeated to assess the association of number of periods of serious illness with pain outcomes at age 68.
Sensitivity analyses examined serious illness broken down by type and complete case analysis was conducted to compare estimates obtained with those from the imputed data sets.
All analyses were performed using STATA version 14.0.
Results
At age 68, a total of 1339 (55.6%) participants reported pain, with a high proportion of participants reporting CRP (30.2%). Chronic widespread pain was more common in women than that in men (13.2% vs 7.7%) ( Table 1) .
Almost a third of all participants (29%) had experienced at least 1 serious illness before age 25; a higher proportion of boys than girls were affected (32% vs 27%, P 5 0.003). A greater proportion of those who had a serious illness before age 25 had CWP compared with those who did not experience serious illness (13.1% vs 9.5%) ( Table 1) . Similarly, a high proportion of those who had a serious illness at 2 or more periods during early life had CWP compared with those who did not experience serious illness (16.4% vs 9.5%).
When compared with those not reporting pain, those who reported CWP were more likely to be obese, to be current smokers, to be physically inactive, to have a low occupational class and lower educational level, to have experienced parental divorce, and to report long-standing illness or health problems, and symptoms of anxiety and depression in adulthood ( Table 1) .
Associations between serious illness and pain outcomes
Findings from the sex-adjusted multinomial logistic regression models indicated that those who had experienced a serious There was some evidence of a cumulative association between serious illness and CWP (but not CRP or other pain); compared with those with no history of serious illness, the fully adjusted RRR for CWP was 1.25 (95% CI: 0.87-1.81) for those who had serious illness at least once, and 1.83 (95% CI: 1.16-2.88) for those who had serious illness 2 or more times ( Table 3) .
Sensitivity analysis
When we examined associations by type of serious illness (ie, potentially disabling or nondisabling serious conditions), there was some evidence that effect estimates varied slightly by type (Table S1 , available online at http://links.lww.com/PAIN/A314), but when these differences were formally tested, there was no clear evidence that the strength of the associations with CWP differed (P 5 0.25).
When analyses were restricted to those with complete data (n 5 1731), we found that the overall patterns and trends of associations (Table S2 , available online at http://links.lww.com/ PAIN/A314) were similar to those from analyses using multiply imputed data sets, but the relationships were stronger, suggesting that excluding participants with incomplete data from the analyses would have been likely to overestimate the associations (comparing Table 2 and Table S2 ).
Discussion
Summary of main findings
In a large nationally representative British cohort followed up prospectively since birth, experience of serious illness before age 25 was associated with increased risk of CWP at age 68, even after adjustment for a range of potential confounders and mediators. There was evidence that this association was cumulative; those who experienced serious illness 2 or more times had the highest likelihood of CWP. Weaker associations found with CRP were fully attenuated after adjustments, and there was no evidence of association with other pain.
Comparison with previous studies
Our findings build on those from previous studies of younger populations examining the relationship between hospitalisation in early life and CWP. Prospective analyses using data from the 1958 British birth cohort examined a range of physically traumatic events before age 7 and demonstrated an increased likelihood of CWP at age 45 associated with hospitalisation after a road traffic accident, but not with surgical operations and hospitalisations for other reasons (accidents at home/other accidents).
14 Our study has considered a wider range of serious illnesses which were prospectively ascertained across a longer period in earlier life and were found to be associated with CWP in old age. Numbers per group and row percentages are presented. Chronic widespread pain (CWP) 5 pain present for 3 months or longer, both above and below the waist; on both the left and right side of the body; and in the axial skeleton. Chronic regional pain (CRP) 5 those who reported chronic pain as present but did not meet the CWP definition. Other pain 5 reported acute (ie, pain in the last month that had lasted for less than 3 mo) widespread or regional pain, or reported regional pain but chronicity was unknown (n 5 30). * From Pearson x 2 test. GHQ-28, 28-item General Health Questionnaire; MRC, Medical Research Council. Table 2 Association between serious illness (vs no serious illness) and pain outcomes. Our findings of weaker associations with CRP and no associations with other pain are consistent with previous NSHD findings 11, 12 but not findings from some other studies. 18 Hotopf et al 12 reported no associations between any serious physical illness before age 15 and chest pain or multiple medically unexplained physical symptoms (including these health complaints: rheumatism and arthritis, headache, backache and sciatica, abdominal pain, chest pain, and dizziness) 11 at age 36 years in the NSHD. In contrast, a Canadian study of adults aged 18 years or older at baseline, which retrospectively assessed specific stressful experiences in childhood, found that hospitalisation for at least 2 weeks in childhood was associated with an increased likelihood of developing chronic back pain (a commonly reported CRP) after 4 years of follow-up. 18 In the 1958 British birth cohort, Jones et al 15 2007 found that those who had multiple common symptoms (ie, periodic vomiting or bilious attacks, abdominal pain, or frequent headaches and migraines) before age 16 years had a higher likelihood of CWP at 45 years. However, previous work in NSHD found no association between persistent abdominal pain before age 15 years and persistent physical symptoms such as abdominal pain or headaches at age 36. 10 Our analyses highlight that real differences may exist with inconsistencies in findings between studies possibly explained by a number of factors including variation in the definitions and assessment of childhood physical illness, illness severity and duration, definitions of pain used, or age at pain assessment. For example, that we have found that serious illness in earlier life was associated with pain in later life suggests that our broad definition of childhood chronic physical illnesses reflects a slightly different exposure to that used in some other articles which examined chronic illness due to specific diagnoses. 33 
Explanation of findings
There was little impact on effect sizes of the associations of serious illness with CWP or CRP when socioeconomic or psychosocial factors were included in multivariable analysis, implying that the observed associations did not seem to be explained by these hypothesised pathways (Fig. 1) . However, adult health status and adult health behaviours did attenuate the size of associations. This is consistent with findings from previous studies that have shown that higher BMI, 2, 26, 42 smoking, 37, 42 chronic disease, 28 and reduced levels of physical activity 5, 27 are associated with prevalent and development of chronic pain. However, associations of adult health status and health behaviours with pain may operate in both directions. For instance, McBeth et al 27 found that individuals aged between 20 and 65 years who reported having some pain or CWP at baseline had increased likelihood of low self-reported levels of physical activity after 32 months of follow-up, suggesting that physical inactivity may be a consequence of CWP. 27 In addition, some reports have demonstrated that individuals with CRP have an increased likelihood of developing CWP, 22 and a history of 2 or more painful comorbidities, moderate to severe pain intensity and a high number of reported painful regions at baseline are also important predictors for the development and persistence of CWP at follow-up. 3, 17 We found stronger associations of serious illness in earlier life with CWP than with CRP and no associations with other pain which may suggest different underlying mechanisms. A plausible explanation is that CWP is not an independent entity but rather falls within a pain-distress continuum, with somatic distress and symptoms as one feature of CWP. 3, 17, 43 Other studies have demonstrated that CWP may co-occur with chronic syndromes that are frequently unexplained (eg, irritable bowel syndrome, Table 3 Association between number of periods of serious illness (vs no serious illness) and pain outcomes. chronic orofacial pain, and chronic fatigue) further supporting the notion that CWP probably shares similar underlying mechanisms, eg, central sensitisation with these disorders. 1, 17 As the association of serious illness in earlier life with CWP in later life was not fully explained by a wide range of lifetime factors in our study, other potential pathways such as those related to fearavoidance beliefs 23, 44 may partly explain our findings, and so require further examination in data sets with relevant data.
Methodological considerations
Our study has a number of major strengths, including the large sample of older adults, prospective collection of information on hospital admission across all stages of early life, and a range of potential confounders across life. Reports on hospitalisation were checked with the relevant hospital for details of the admission, removing the potential of recall bias. We compared different pain subgroups to test whether serious illness was differentially associated with CWP, CRP, and other pain.
One limitation is that pain was assessed at a single time point. Thus, we were not able to discern whether some of the covariates preceded the onset of pain outcomes which may have led to overadjustment in our models. Similarly, we were unable to examine whether there were differences in association by age at onset of pain. For example, we were unable to assess whether those people who experienced serious illness in earlier life had experienced pain throughout their adult lives, or whether they were at higher risk of developing chronic pain in later life. A second limitation is that our findings could be explained by residual confounding; some covariates, eg, leisure time physical activity, included in the analysis were assessed at one time point and so may not fully reflect lifetime exposure. There are other aspects of behavioural and psychosocial risk, in addition to those we selected a priori and included in our models, which may be important. However, in follow-up analyses when we adjusted for a cumulative leisure time physical activity score, this had little impact on our findings (results not shown). A third limitation is that those who experienced serious illness in early life were underrepresented in the study sample which may have introduced survival bias. In additional analyses, we found that participants who had experienced serious illness in earlier life had higher rates of death during follow-up when compared with those with no history of serious illness (hazard ratio 5 1.38 [95% CI: 1.15-1.65]), after adjustment for sex, father's and own occupational class. However, families with children with serious illness were less likely to emigrate in this cohort. 7 As with all longitudinal studies, there has also been avoidable loss to follow-up through loss of contact and permanent refusal, but there were no differences by childhood serious illness. The NSHD has remained broadly representative of the population born at a similar time in most key characteristics, although those still participating at age 60 to 64 had higher rates of house ownership and lower rates of long-term limiting illness than the equivalent general population in England. 39 This may limit the generalisability of these findings to more recent cohorts and ethnically diverse cohorts. The prevalence of some chronic childhood illnesses (eg, asthma, diabetes, cancer, and mental disorders) and obesity has increased in recent decades, 13, 41 but there has been a marked decline in the rates of other types of serious illnesses (eg, polio and rheumatic heart disease). Nevertheless, older birth cohorts remain important resources for examining the long-term consequences of serious illnesses in earlier life on health-related outcomes in old age, and their findings can be used to help inform early life interventions and health policies for future generations of older people.
Conclusions
Findings from this large British birth cohort study show that experience of serious illness in earlier life is associated with higher risk of CWP at age 68. This association is robust to adjustments and seems to be cumulative with those who had experienced more periods of illness at the highest risk of CWP. This suggests that those who have experienced serious illness in earlier life, especially those who have experienced multiple episodes, may require more support across life than others to minimise their risk of CWP in later life.
